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(57) ABSTRACT

A reference signal transmission method in a downlink
MIMO system is disclosed. The downlink MIMO system
supports a first UE supporting N transmission antennas
among a total of M transmission antennas (where M>N) and
a second UE supporting the M transmission antennas. The
method includes transmitting, by a base station (BS), sub-
frame-associated information which designates a first sub-
frame in which data for the first UE and the second UE is
transmitted and a second subframe in which data only for the
second UE can be transmitted within a radio frame having
a plurality of subframes, and transmitting the first subframe
and the second subframe. Reference signals corresponding
to antenna ports ‘0’ to ‘N-1" of the N antennas are mapped
to the first subframe, and reference signals corresponding to
antenna ports ‘0’ to ‘M-1’ of the M antennas are mapped to
the second subframe.
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REFERENCE SIGNAL TRANSMISSION
METHOD FOR DOWNLINK MULTIPLE
INPUT MULTIPLE OUTPUT SYSTEM

TECHNICAL FIELD

[0001] The present invention relates to a Multiple Input
Multiple Output (MIMO) communication system, and more
particularly to a method for effectively providing data and a
reference signal under an environment in which an antenna
is added to a conventional system.

BACKGROUND ART
[0002] (1) Definition of MIMO Technology
[0003] A conventional MIMO technology will hereinafter

be described in detail.

[0004] In brief, MIMO technology is an abbreviation for
Multi-Input Multi-Output technology. MIMO technology
uses multiple transmission (Tx) antennas and multiple
reception (Rx) antennas to improve the efficiency of Tx/Rx
data, whereas a conventional art has generally used one
transmission (Tx) antenna and one reception (Rx) antenna.
In other words, MIMO technology allows a transmission
end or reception end of a wireless communication system to
use multiple antennas (hereinafter referred to as a multi-
antenna), so that the capacity or performance can be
improved. For convenience of description, the term
“MIMO” can also be considered to be a multi-antenna
technology.

[0005] In more detail, MIMO technology is not dependent
on one antenna path to receive one total message, collects a
plurality of data pieces received via several antennas, and
completes total data. As a result, MIMO technology can
increase a data transfer rate within a specific range, or can
increase a system range at a specific data transfer rate. Under
this situation, MIMO technology is a next-generation mobile
communication technology capable of being widely applied
to mobile communication terminals or repeaters. MIMO
technology can extend the range of data communication, so
that it can overcome the limited amount of transmission (Tx)
data of mobile communication systems reaching a critical
situation.

[0006] (2) System Modeling in MIMO

[0007] FIG. 1 is a block diagram illustrating a general
MIMO communication system.

[0008] Referring to FIG. 1, if the number of transmission
(Tx) antennas increases to N,, and at the same time the
number of reception (Rx) antennas increases to N, a
theoretical channel transmission capacity of the MIMO
communication system increases in proportion to the num-
ber of antennas, differently from the above-mentioned case
in which only a transmitter or receiver uses several antennas,
so that a transfer rate and a frequency efliciency can be
greatly increased. In this case, the transfer rate acquired by
the increasing channel transmission capacity can theoreti-
cally increase by a predetermined amount that corresponds
to multiplication of a maximum transfer rate (R,) acquired
when one antenna is used and a rate of increase (R,). The rate
of'increase (R;) can be represented by the following equation

R=min(N;Ng)

[0009] For example, provided that a MIMO system uses
four transmission (Tx) antennas and four reception (Rx)
antennas, the MIMO system can theoretically acquire a high

[Equation 1]
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transfer rate which is four times higher than that of a one
antenna system. After the above-mentioned theoretical
capacity increase of the MIMO system was demonstrated in
the mid-1990s, many developers began to conduct intensive
research into a variety of technologies which can substan-
tially increase a data transfer rate using the theoretical
capacity increase. Some of the above technologies have been
reflected in a variety of wireless communication standards,
for example, a third-generation mobile communication or a
next-generation wireless LAN; etc.

[0010] A variety of MIMO-associated technologies have
been intensively researched by many companies or devel-
opers, for example, research into an information theory
associated with a MIMO communication capacity calcula-
tion under various channel environments or multiple access
environments, research into a radio frequency (RF) channel
measurement and modeling of the MIMO system, and
research into a space-time signal processing technology. A
mathematical modeling of a communication method for use
in the above-mentioned MIMO system will hereinafter be
described in detail.

[0011] As can be seen from FIG. 1, it is assumed that there
are N, transmission (Tx) antennas and Ny reception (Rx)
antennas. In the case of a transmission (Tx) signal, a
maximum number of transmission information pieces is N
under the condition that N, transmission (Tx) antennas are
used, so that the transmission (Tx) information can be
represented by a specific vector shown in the following
equation 2.

S=51,89, - ., sapl” [Equation 2]
[0012] In the meantime, individual transmission (Tx)
information pieces (s;, S,, . . . , Sy7) may have different
transmission powers. In this case, if the individual transmis-
sion powers are denoted by (P, P,, . . ., Pyp), transmission
(Tx) information having an adjusted transmission power can
be represented by a specific vector shown in the following
equation 3.

s=f308, . . ., Sy T=[P1sPosy, . . ., Poysyl” [Equation 3]
[0013] InEquation 3,§ is a transmission vector, and can be
represented by the following equation 4 using a diagonal
matrix P of a transmission (Tx) power.

Py 0 1 [Equation 4]
Py 52
5= =Ps
0 PNT Sny

[0014] In the meantime, the information vector § having
an adjusted transmission power is applied to a weight matrix
(W), so that N, transmission (Tx) signals (X;, X5, . . . , Xp7)
to be actually transmitted are configured. In this case, the
weight matrix (W) is adapted to properly distribute trans-
mission (Tx) information to individual antennas according
to transmission channel situations. The above-mentioned
transmission (Tx) signals (X, X,, . . . , X57) can be repre-
sented by the following equation 5 using the vector (X).
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x= [Equation 5]
X wi owi o owivg [ B
X2 wa wn o owany || 2
= o l=ws=wps
Xi Wil Wiz Wing S
*Np Whpl Whpz o Wapng || Swy

[0015] Next, if Ny reception (Rx) antennas are used,
reception (Rx) signals (y;, Vo, - - . , Yar) Of individual
antennas can be represented by a specific vector (y) shown
in the following equation 6.

y=uya -y’ [Equation 6]
[0016] Inthe meantime, if a channel modeling is executed
in the MIMO communication system, individual channels
can be distinguished from each other according to transmis-
sion/reception (Tx/Rx) antenna indexes. A specific channel
passing the range from a transmission (Tx) antenna (j) to a
reception (Rx) antenna (i) is denoted by h,. In this case, it
should be noted that the index order of the channel h,, is
located before a reception (Rx) antenna index and is located
after a transmission (Tx) antenna index.

[0017] Several channels are tied up, so that they are
displayed in the form of a vector or matrix. An exemplary
vector is as follows. FIG. 2 shows channels from N,
transmission (Tx) antennas to a reception (Rx) antenna (i).

[0018] Referring to FIG. 2, the channels passing the range
from the N transmission (Tx) antennas to the reception (Rx)
antenna (i) can be represented by the following equation 7.

h=hh, - hl.NTJ [Equation 7]
[0019] If all channels passing the range from the N,
transmission (Tx) antennas to N, reception (Rx) antennas
are denoted by the matrix shown in Equation 7, the follow-
ing equation 8 is acquired.

h{ o o e thT [Equation 8]
By oy ko oy
H= =
n iy ko hing
i hngl hnge o By
[0020] Additive white Gaussian noise (AWGN) is added

to an actual channel which has passed the channel matrix (H)
shown in Equation 8. The AWGN (n, n,, . . . , n,) added
to each of Nj reception (Rx) antennas can be represented by
a specific vector shown in the following equation 9.

n=fn,ny ..., nNR]T [Equation 9]
[0021] A reception signal calculated by the above-men-
tioned equations can be represented by the following equa-
tion 10.
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i by b o iy [Equation 10]
y2 My o oy
N iy hp o hing
YNg hngt hvgz cr hngwg
X1 ny
X2 iy
+ ' =Hx+n
xf y
Xnp g
[0022] The 3" Generation Partnership Project (3GPP)

supports a type 1 radio frame structure applicable to fre-
quency division duplex (FDD), and a type 2 radio frame
structure applicable to time division duplex (TDD).

[0023] The structure of a type 1 radio frame is shown in
FIG. 3. The type 1 radio frame includes ten subframes, each
of which consists of two slots.

[0024] The structure of a type 2 radio frame is shown in
FIG. 4. The type 2 radio frame includes two half-frames,
each of which is made up of five subframes, a downlink pilot
time slot (DWPTS), a guard period (GP), and an uplink pilot
time slot (UpPTS), in which one subframe consists of two
slots. That is, one subframe is composed of two slots
irrespective of the radio frame type. DWPTS is used to
perform an initial cell search, synchronization, or channel
estimation. UpPTS is used to perform channel estimation of
a base station and uplink transmission synchronization of a
user equipment (UE). The guard interval (GP) is located
between an uplink and a downlink so as to remove an
interference generated in the uplink due to a multi-path
delay of a downlink signal. That is, one subframe is com-
posed of two slots irrespective of the radio frame type.

[0025] FIG. 5 is a slot structure of a long term evolution
(LTE) downlink. As shown in FIG. 5, a signal transmitted
from each slot can be described by a resource grid including
Ngz~" subcarriers and N, ,”* orthogonal frequency divi-
sion multiplexing (OFDM) symbols. In this case, N;™*
represents the number of resource blocks (RBs) in a down-
link, N *Z represents the number of subcarriers constitut-
ing one RB, and N, represents the number of OFDM

symbols in one downlink slot.

[0026] FIG. 6 is a slot structure of a long term evolution
(LTE) uplink. As shown in FIG. 6, a signal transmitted from
each slot can be described by a resource grid including
Nz"F Ng &2 subcarriers and NsymbUL OFDM symbols. In
this case, N, represents the number of resource blocks
(RBs) in an uplink, N &Z represents the number of subcar-
riers constituting one RB, and NsymbUL represents the num-
ber of OFDM symbols in one uplink slot.

[0027] A resource element (RE) is a resource unit defined
by an index (a, b) within the uplink slot and the downlink
slot, and represents one subcarrier and one OFDM symbol.
In this case, a is an index on a frequency axis, and b is an

index on a time axis.
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[0028]

[0029] When a mobile communication system transmits a
packet, this transmission packet is transmitted over a radio
frequency (RF) channel. As a result, an unexpected distor-
tion may occur in a transmission (Tx) signal. In order to
correctly receive the distorted signal described above at a
reception end, channel information must be recognized, and
the distortion of the transmission (Tx) signal must be
corrected by an amount of the channel information. In order
to recognize channel information, signals known to both a
transmission end and a reception end are transmitted, the
degree of distortion of the known signals is detected when
the known signals are received over a channel, and finally
channel information is recognized on the basis of the
detected distortion.

[0030] Here, the above signals known to both the trans-
mission end and the reception end are referred to as pilot
signals or reference signals.

[0031] In recent times, most mobile communication sys-
tems use a method for improving Tx/Rx data efficiency
using multiple transmission (Tx) antennas and multiple
reception (Rx) antennas to transmit a packet, instead of a
conventional method of using one transmission (Tx) antenna
and one reception (Rx) antenna to transmit a packet. When
a transmission end or a reception end of a mobile commu-
nication system transmits or receives data using multiple
antennas so as to increase capacity or improve a perfor-
mance or throughput, additional reference signals are pres-
ent in individual transmission (TX) antennas, respectively.
Signal reception can be correctly carried out under the
condition that a channel condition between each Tx antenna
and each Rx antenna is recognized.

[0032] Provided that M (where M>N) transmission (Tx)
antennas can be added to a conventional system including N
antennas, a user equipment (hereinafter referred to as a UE)
capable of recognizing up to N transmission (Tx) antennas
and another UE capable of recognizing up to M transmission
(Tx) antennas exist at the same time.

[0033] In this case, not only reference signals for support-
ing N antennas but also M-N additional reference signals
must be transmitted. Here, there is a need to effectively
transmit data and reference signals under an environment in
which a new UE for recognizing M antennas is additionally
used without performing additional signaling with an old UE
for recognizing only N antennas.

4) Definition of Reference Signal

DISCLOSURE

Technical Problem

[0034] Accordingly, the present invention is directed to a
method for transmitting a reference signal in a downlink
MIMO system that substantially obviates one or more
problems due to limitations and disadvantages of the related
art.

[0035] An object of the present invention is to provide a
method for effectively transmitting data and a reference
signal under an environment in which a UE capable of
supporting N transmission (Tx) antennas and another UE
capable of supporting M reception (Rx) antennas simulta-
neously exist.
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Technical Solution

[0036] To achieve these objects and other advantages and
in accordance with the purpose of the invention, as embod-
ied and broadly described herein, a method for transmitting
a reference signal for channel measurement in a downlink
Multiple Input Multiple Output (MIMO) system which
supports a first user equipment (UE) supporting N transmis-
sion antennas among a total of M transmission antennas
(where M>N) and a second user equipment (UE) supporting
the M transmission antennas includes: transmitting, by a
base station (BS), subframe-associated information which
designates a first subframe in which data for the first UE and
the second UE is transmitted and a second subframe in
which data only for the second UE can be transmitted within
a radio frame having a plurality of subframes; and trans-
mitting the first subframe and the second subframe, wherein
reference signals corresponding to antenna ports ‘0’ to
‘N-1’ of the N antennas are mapped to the first subframe,
and reference signals corresponding to antenna ports 0’ to
‘M-1" of the M antennas are mapped to the second sub-
frame.

[0037] In another aspect of the present invention, a base
station (BS) for use in a downlink Multiple Input Multiple
Output (MIMO) system which supports a first user equip-
ment (UE) supporting N transmission antennas among a
total of M transmission antennas (where M>N) and a second
user equipment (UE) supporting the M transmission anten-
nas includes: a processing unit for generating subframe-
associated information which designates a first subframe in
which data for the first UE and the second UE can be
transmitted and a second subframe in which data only for the
second UE can be transmitted within a radio frame having
a plurality of subframes; and a transmitter for transmitting
the subframe-associated information, the first subframe, and
the second subframe, wherein reference signals correspond-
ing to antenna ports ‘0’ to ‘N-1" of the N antennas are
mapped to the first subframe, and reference signals corre-
sponding to antenna ports ‘0’ to ‘M-1’ of the M antennas are
mapped to the second subframe.

[0038] Positions of reference signals corresponding to
antenna ports ‘0’ to ‘N-1" among the M antennas in the
second subframe may be equal to those of the reference
signals corresponding to the antenna ports ‘0’ to ‘N-1’
among the N antennas in the first subframe.

[0039] The second subframe may include a plurality of
orthogonal frequency division multiplexing (OFDM) sym-
bols, a first portion of the OFDM symbols is for transmitting
control information, a second portion of the OFDM symbols
is for transmitting data, and reference signals corresponding
to antenna ports ‘N’ to ‘M-1" among the M antennas may be
mapped to the second portion.

[0040] In the subframe-associated information, the second
subframe may be designated as a multicast broadcast single
frequency network (MBSFN) subframe.

[0041] In a further aspect of the present invention, a
method for transmitting a reference signal for channel
measurement in a downlink Multiple Input Multiple Output
(MIMO) system includes: transmitting, by a base station
(BS), subframe-associated information which designates a
first subframe in which N reference signals are transmitted
and a second subframe M reference signals (where M>N)
within a radio frame; and transmitting the first subframe and
the second subframe, wherein reference signals correspond-
ing to antenna ports ‘0’ to ‘N-1" among the N antennas are
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mapped to the first subframe, and reference signals corre-
sponding to antenna ports ‘0’ to ‘M-1" among the M
antennas are mapped to the second subframe.

[0042] In a further aspect of the present invention, a base
station (BS) for use in a downlink Multiple Input Multiple
Output (MIMO) system includes: a processing unit for
generating subframe-associated information which desig-
nates a first subframe in which N reference signals are
transmitted and a second subframe M reference signals
(where M>N) within a radio frame; and a transmitter for
transmitting the subframe-associated information, the first
subframe, and the second subframe, wherein reference sig-
nals corresponding to antenna ports ‘0’ to ‘N-1" of the N
antennas are mapped to the first subframe, and reference
signals corresponding to antenna ports ‘0’ to ‘M-1’ of the M
antennas are mapped to the second subframe.

[0043] Positions of reference signals corresponding to
antenna ports ‘N’ to ‘M-1" among the M antennas in the
second subframe may be equal to those of the reference
signals corresponding to the antenna ports ‘0’ to ‘N-1" of the
N antennas in the first subframe.

Advantageous Effects

[0044] According to embodiments of the present inven-
tion, it is possible to effectively transmit data and a reference
signal under an environment in which one UE for supporting
N transmission (Tx) antennas and another UE for supporting
M transmission (Tx) antennas simultaneously exist in a
downlink MIMO system.

DESCRIPTION OF DRAWINGS

[0045] The accompanying drawings, which are included
to provide a further understanding of the invention, illustrate
embodiments of the invention and together with the descrip-
tion serve to explain the principle of the invention.

[0046] In the drawings:

[0047] FIG. 1 is a block diagram illustrating a general
MIMO communication system.

[0048] FIG. 2 shows channels from N transmission (Tx)
antennas to a reception (Rx) antenna ().

[0049] FIG. 3 is a structure of a type 1 radio frame.
[0050] FIG. 4 is a structure of a type 2 radio frame.
[0051] FIG. 5 is a slot structure of an LTE downlink.
[0052] FIG. 6 is a slot structure of an LTE uplink.
[0053] FIG. 7 is a structure of a radio frame according to

an exemplary embodiment of the present invention.

[0054] FIG. 8 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention.

[0055] FIG. 9 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention.

[0056] FIG. 10 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention.

[0057] FIG. 11 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention.

[0058] FIG. 12 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention.

[0059] FIG. 13 is a structure of a subframe for discrimi-
nating between one region for supporting N antennas and
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another region for supporting M (M>N) antennas on the
basis of a frequency axis according to an exemplary embodi-
ment of the present invention.

[0060] FIG. 14 is a structure of a radio frame that distin-
guishes one region for supporting N antennas from another
region for supporting M (M>N) antennas on a frequency
axis according to an exemplary embodiment of the present
invention.

[0061] FIG. 15 is a block diagram of a device, which is
applicable to a user equipment (UE) and a base station (BS)
and is able to implement embodiments of the present inven-
tion.

BEST MODE

[0062] Reference will now be made in detail to the pre-
ferred embodiments of the present invention, examples of
which are illustrated in the accompanying drawings. The
detailed description, which will be given below with refer-
ence to the accompanying drawings, is intended to explain
exemplary embodiments of the present invention, rather
than to show the only embodiments that can be implemented
according to the present invention.

[0063] The following detailed description includes spe-
cific details in order to provide a thorough understanding of
the present invention. However, it will be apparent to those
skilled in the art that the present invention may be practiced
without such specific details. For example, the following
description will be given centering on specific terms, but the
present invention is not limited thereto and any other terms
may be used to represent the same meanings. Also, wherever
possible, the same reference numbers will be used through-
out the drawings to refer to the same or like parts.

[0064] In the case where M-N reference signals are addi-
tionally transmitted to support M (where M>N) antennas
under an environment in which N reference signals are
transmitted to support N transmission (Tx) antennas (here-
inafter referred to simply as ‘antennas’), it is difficult to
define a new additional signaling for informing the user
equipment (UE), which recognizes only N antennas operat-
ing in a conventional system, of the above-mentioned case
representing additional transmission of the M-N reference
signals. Therefore, the UE capable of recognizing only N
antennas is unable to recognize transmission of M reference
signals, so that an unexpected problem occurs in transmis-
sion and reception of data.

[0065] In order to solve the above-mentioned problem, the
present invention proposes a method for dividing a radio
frame into one transmission interval for supporting only N
antennas and another transmission interval for supporting up
to M antennas in addition to the N antennas.

[0066] Because the UE capable of recognizing only N
antennas has difficulty in newly defining additional signaling
in a transmission interval, the present invention provides a
method for enabling a base station (BS) to restrict UEs
capable of recognizing only N antennas so as to transmit
data to only the transmission interval supporting only the N
antennas.

[0067] In addition, the present invention provides a
method for signaling information about a transmission inter-
val supporting N antennas and a transmission interval sup-
porting M antennas to a UE capable of recognizing up to M
antennas. Thus, the UE capable of recognizing up to M
antennas can transmit data in any one of the transmission
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intervals (the transmission interval supporting N antennas
and the transmission interval supporting M antennas).
[0068] FIG. 7 is a structure of a radio frame according to
an exemplary embodiment of the present invention. In FIG.
7, a radio frame may be a frequency divisional duplex
(FDD) radio frame. As can be seen from FIG. 7, a trans-
mission interval of the radio frame is divided into a plurality
of subframes, each of which supports a maximum of N
antennas, and a plurality of other subframes, each of which
supports a maximum of M antennas. An overall data trans-
mission interval defined by a radio frame includes 10
transmission intervals, each of which is defined by a sub-
frame. FIG. 7 is an example of a method for distinguishing
one subframe for supporting N antennas from another sub-
frame for supporting M antennas. The subframe for sup-
porting N antennas and the other subframe for supporting M
antennas may be dynamically or semi-statically changed.
[0069] In this case, a UE capable of recognizing only N
antennas is unable to recognize the presence of M-N addi-
tional reference signals in a subframe capable of supporting
M antennas, so that there is a need to perform scheduling
restriction so as to prevent the UE recognizing only N
antennas from receiving data in the subframe. The other UE
recognizing M antennas is able to receive data in a subframe
supporting N antennas. In this case, because information of
one transmission interval for supporting N antennas and
information of another transmission interval for supporting
M antennas are signaled to the UE recognizing M antennas,
although the UE recognizing M antennas receives data in the
transmission interval supporting N antennas, channel infor-
mation of M-N additional antennas can be recognized from
a neighboring subframe supporting M antennas.

[0070] In this case, in order to support M antennas in a
specific subframe, the present invention proposes a method
for transmitting additional M-N reference signals in addition
to reference signals for supporting N antennas.

[0071] For convenience of description and better under-
standing of the present invention, a 3rd Generation Partner-
ship Project (3GPP) Long Term Evolution (LTE) system
may be exemplarily used as a first system for supporting the
UE recognizing only N antennas, and a LTE-A system may
be exemplarily used as a second system for supporting the
other UE recognizing M antennas, and a detailed description
thereof will be given below with reference to the accompa-
nying drawings.

[0072] FIG. 8 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention. As shown in FIG. 8, four reference signals
(R1 to R4) for respectively supporting four antennas (Antl
to Antd) are transmitted in a subframe of the LTE system,
and four reference signals (R5 to R8) in addition to con-
ventional reference signals (R1 to R4) can be transmitted in
subframes of the LTE-A system so as to support eight
antennas (Antl to Ant8).

[0073] In the case where data for a UE capable of recog-
nizing only four antennas is transmitted in a subframe in
which eight reference signals (R1 to R8) are transmitted, the
UE is unable to recognize transmission of other reference
signals (R5 to R8), so that the UE regards the reference
signals (R5 to R8) as data transmitted to the UE. As a result,
the UE demodulates the reference signals (R5 to R8) and
decodes the demodulated reference signals. In this case,
transmission performance may be deteriorated due to recep-
tion of incorrect information. Accordingly, data for the UE
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capable of recognizing only four antennas should not be
allocated to a subframe in which eight reference signals (R1
to R8) are transmitted.

[0074] In contrast, in case of another UE capable of
recognizing eight antennas, although data is transmitted in a
subframe in which only four reference signals (R1 to R4) are
transmitted through four or more antennas, the UE can
obtain channel information of the remaining four antennas
(Ant5 to Ant8) in addition to other channel information
recognized on the basis of the four reference signals (R1 to
R4) from a neighboring subframe supporting 8 antennas.
[0075] In this case, a first to a third OFDM symbols
(OFDM symbol index 0 to OFDM symbol index 2) of each
subframe are used to transmit a channel (i.e., a control
channel) containing control information. It is prescribed that
a maximum of four antennas can be used within an interval
in which the above control channel is used, so that all UEs
can receive the control channel irrespective of the number of
recognizable antennas.

[0076] If the number of symbols transmitting the control
channel is deficient, a fourth OFDM symbol may also be
used to transmit the control channel. Here, when transmit-
ting reference signals using the structure shown in FIG. 8,
UEs supporting four antennas are unable to recognize two
reference signals R5 and Ré contained in the fourth OFDM
symbol. To solve the above problem, in case that the first to
the forth OFDM symbols are used for the control channel,
new additional reference signals (R5 to R8) may be arranged
from a fifth OFDM symbols.

[0077] FIG. 9 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention. As can be seen from FIG. 9, only four
reference signals (R1 to R4) are transmitted in the first four
OFDM symbols in a subframe in which eight reference
signals (R1 to R8) are transmitted, so that all UEs can
receive a control channel irrespective of the number of
recognizable antennas. According to the above-mentioned
structure for applying additional reference signals to N
reference signals supporting N antennas, a performance or
throughput of a UE recognizing only N antennas may be
unexpectedly deteriorated as previously described above.
Accordingly, it is undesirable that data for the UE recog-
nizing only N antennas be transmitted in the subframe
supporting M antennas, but the UE recognizing N antennas
can use channel information in the subframe supporting M
antennas.

[0078] The subframe supporting M antennas includes ref-
erence signals for supporting N antennas, so that it is
possible to perform interpolation or averaging of channel
information between subframes supporting N antennas.
FIGS. 8 and 9 exemplarily show a method for transmitting
additional four reference signals (R5 to R8) so as to support
a maximum of eight reference signals in a conventional
subframe structure in which a maximum of four reference
signals (R1 to R4) are transmitted. In this case, the number
of used reference signals is disclosed only for illustrative
purposes, and embodiments of the present invention can also
be applied to other variables N and M (where M>N). In
addition, in case of additionally-transmitted reference sig-
nals differently from conventional reference signals,
embodiments of the present invention propose a CDM-based
transmission method between the additionally-transmitted
reference signals. In case of using the CDM-based trans-
mission method, many more reference signals can be trans-
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mitted using the same resources as those of the conventional
reference signals, and resource consumption can be reduced
due to the transmission of the same reference signals, so that
the CDM-based transmission method can use resources
more effectively than the conventional method.

[0079] However, in the case where additional reference
signals are transmitted in addition to N conventional refer-
ence signals in the subframe supporting M antennas, much
more resources are needed to transmit the additional refer-
ence signals, so that resources capable of being used to
transmit data are relatively reduced. In order to solve the
above problem, embodiments of the present invention pro-
pose a new method. According to this new method, all M
reference signals supporting M antennas are transmitted in
the subframe supporting M antennas. However, the M
transmission reference signals are not transmitted using a
conventional structure transmitting N conventional refer-
ence signals, but are transmitted using a new structure.
[0080] In case of transmitting M reference signals using
the above new structure without being added to such a
conventional structure, embodiments of the present inven-
tion can more effectively use time and frequency resources
needed for transmitting reference signals. In addition, the
present invention proposes a method for transmitting only
M-N additional reference signals, instead of N conventional
reference signals, in the subframe supporting M antennas.
According to this proposed method, under the condition that
there is no need to use the conventional structure for
transmitting N reference signals without any change, an
interval between reference signals may be adjusted on
frequency and time axes of corresponding reference signals
in consideration of not only the number of transmitted
reference signals but also channel conditions to which
additional reference signals are applied, and the total number
of reference signals may also be adjusted.

[0081] Further, the present invention proposes another
method. According to this method, the structure for use in
the transmission of N reference signals is maintained with-
out any change, reference signals of corresponding positions
are replaced with new additional reference signals, and then
the new additional reference signals can be transmitted.
[0082] FIG. 10 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention. As shown in FIG. 10, in a subframe
supporting eight antennas, four new reference signals (R5 to
R8) are transmitted on a specific position on which four
conventional reference signals (R1 to R4) are transmitted. In
this case, additional resources for transmitting additional
reference signals (R5 to R8) need not be used for the
above-mentioned transmission, so that resources can be
effectively used. In this way, when using a method for
transmitting additional reference signals in a specific sub-
frame so as to support M antennas, specific information is
signaled to a UE capable of recognizing the M antennas,
where the specific information indicates which subframe is
a subframe in which additional reference signals for sup-
porting the M antennas are transmitted. Because the specific
information is signaled to the UE capable of recognizing the
M antennas, the UE can obtain channel information from
any subframe based on the specific information. Thus, the
system can be operated stably.

[0083] However, the UE capable of recognizing N con-
ventional antennas is unable to recognize the above infor-
mation. Accordingly, when channel information between
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subframes is interpolated or averaged, the UE may use
incorrect channel information of the subframe in which
additional reference signals are transmitted, instead of using
information of another subframe transmitting N conven-
tional reference signals, resulting in the occurrence of unex-
pected problems.

[0084] In order to solve the above-mentioned problems,
the present invention proposes a signaling method for pre-
venting a UE capable of recognizing only N antennas from
receiving a subframe supporting M antennas. A variety of
signaling methods may be used in the present invention. For
example, the following four signaling methods (1)~(4) may
be used in embodiments of the present invention, and a
detailed description thereof will be given below.

[0085] 1) First Signaling Method

[0086] The first signaling method is used to distinguish
one subframe in which N reference signals are used, from
another subframe in which N reference signals and addi-
tional reference signals are used or other reference signals
for additional antenna ports are used.

[0087] 2) Second Signaling Method

[0088] The second signaling method allows a UE capable
of recognizing only N reference signals to use reference
signals of a subframe supporting only N reference signals to
which data is allocated, without using reference signals of a
neighboring subframe supporting M antennas.

[0089] 3) Third Signaling Method

[0090] The third signaling method allows a UE capable of
recognizing only N reference signals to use channel infor-
mation of a specific subframe supporting only the N refer-
ence signals, instead of using channel information of another
subframe supporting M antennas, even though the data is not
allocated to the specific subframe.

[0091] 4) Fourth Signaling Method

[0092] Any one of known signaling methods may be
exemplarily used for the UE recognizing only N antennas.
For example, in the 3GPP LTE system, a base station (BS)
may signal to UEs capable of recognizing a maximum of
four antennas that specific subframe is a Multicast Broadcast
Single Frequency Network (MBSFN) subframe.

[0093] The fourth signaling method (4) among the above-
mentioned signaling methods will hereinafter be described
in detail. If the 3GPP LTE system performs signaling with a
corresponding UE so as to indicate the MBSFN subframe,
this UE does not use channel information of the MBSFN
subframe because it does not read a data part of the MBSFN
subframe, and uses either only channel information of a
subframe which the UE receives or only channel informa-
tion of another subframe supporting four antennas, so that no
problems occur in the system.

[0094] In other words, in order to control a UE recogniz-
ing only four antennas to recognize a subframe supporting 8
antennas as a MBSFN subframe, the base station (BS) can
signal to the UE that the subframe supporting eight antennas
is the MBSFN subframe.

[0095] Although the subframe supporting eight antennas
is not actual MBSFN subframe, the UE recognizing only
four antennas can recognize the subframe supporting eight
antennas as the MBSFN subframe according to the signaling
result of the fourth signaling method. In the meantime, if
necessary, another additional signaling process may also be
required for the UE recognizing eight antennas so as to
recognize the subframe supporting eight antennas.
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[0096] However, as previously mentioned above, the first
one to three OFDM symbols of a subframe (or the first two
to four OFDM symbols of a subframe in some cases) may
be transmitted to transmit a channel (i.e., control channel)
containing control information. Here, a transmission interval
of the control channel may be defined as a specific trans-
mission interval in which a maximum of four antennas can
be used so that all UEs can receive the control channel
regardless of the number of recognizable antennas. In case
of transmitting reference signals as shown in FIG. 10, the
UE recognizing four conventional antennas is unable to
recognize new reference signals (R5 to R8), so that an
unexpected problem occurs in reception of the control
channel.

[0097] Accordingly, in order to solve the above-mentioned
problem, embodiments of the present invention propose
another method. According to this method, four conven-
tional reference signals (R1 to R4) are transmitted in an
interval through which the control channel is transmitted,
and original reference signals (R1 to R4) are replaced with
new reference signals (R5 to R8). The new reference signals
(R5 to R8) are transmitted in an interval in which data is
transmitted.

[0098] FIG. 11 is a structure of a subframe for supporting
eight antennas according to an exemplary embodiment of
the present invention.

[0099] As shown in FIG. 11, conventional reference sig-
nals (R1 to R4) may be transmitted in a first region (i.e., first
and second OFDM symbol illustrated in FIG. 11) in which
a control channel is transmitted, and the conventional ref-
erence signals (R1 to R4) are replaced with new reference
signals (R5 to R8) in a second region in which data is
transmitted, so that the resultant subframe composed of the
conventional reference signals (R1 to R4) and the new
reference signals (R5 to R8) may be transmitted. In this case,
the present invention may use a specific signaling method
for preventing a UE recognizing only N antennas from
reading the second region.

[0100] In this way, if the above-mentioned signaling
method prevents the UE capable of recognizing only the N
antennas from reading the second region, there is no need to
transmit the new reference signals to the same positions as
those of the N reference signals, and the new reference
signals can be transmitted to other positions where channel
estimation capability may greatly increase.

[0101] FIG. 12 is a structure of a subframe for supporting
8 antennas according to an exemplary embodiment of the
present invention. As shown in FIG. 12, transmission posi-
tions of new reference signals (R5 to RB) are changed to
new positions instead of transmission positions of conven-
tional reference signals (R1 to R4). In this way, a channel
estimation performance can be improved by changing the
positions of the reference signals. In order to support a
maximum of 8 antennas in the subframe structure in which
a maximum of four conventional reference signals are
transmitted, FIGS. 10 to 12 exemplarily show methods for
replacing four conventional reference signals (R1 to R4)
with four new reference signals (R5 to R8) and then trans-
mitting the replaced result. In this case, the number of used
reference signals is disclosed only for illustrative purposes,
and embodiments of the present invention may set the
number of such reference signals to N and M (where M>N).
[0102] In the case of using new reference signals newly
transmitted in the subframe supporting M antennas accord-
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ing to embodiments of the present invention, a Code Divi-
sion Multiplexing (CDM)-based transmission method may
be used between the newly-transmitted reference signals in
a different way from conventional reference signals. In case
of using the CDM-based transmission method, many more
reference signals can be transmitted using the same
resources as those of the conventional reference signals, an
amount of used resources can be reduced when transmitting
the same reference signals, so that the CDM-based trans-
mission method can use resources more effectively than the
conventional method.

[0103] Further, although the above-mentioned proposed
methods have been disclosed to restrict UE allocation by
classifying subframes into one subframe capable of support-
ing only N antennas and another subframe capable of
supporting up to M antennas (where M>N) on a time axis,
embodiments of the present invention propose a method for
discriminating between reference signals on a frequency
axis in a data region allocated to a UE recognizing a
maximum of M antennas.

[0104] FIG. 13 is a structure of a subframe for discrimi-
nating between one region for supporting N antennas and
another region for supporting M (M>N) antennas on the
basis of a frequency axis according to an exemplary embodi-
ment of the present invention. As shown in FIG. 13, a control
region may support only N antennas so as to allow all UEs
to receive data irrespective of the number of recognizable
antennas. A data region is divided into one data region
allocated to one UE recognizing only N antennas and
another data region allocated to another UE recognizing a
maximum of M antennas, so that it can support different
reference signals. In this case, the data region allocated to
the UE recognizing only N antennas and the other data
region allocated to the other UE recognizing a maximum of
M antennas may be established in various formats.

[0105] Inthis case, in order to implement reference signals
transmitted in the data region allocated to the UE recogniz-
ing a maximum of M antennas, the above described method
that additional reference signals are added to the conven-
tional N reference signals can be applied to the data region
or the above described method that the conventional N
reference signals are replaced with the additional reference
signals can be applied to the data region.

[0106] As described above, in the case where the number
of supportable antennas is classified only in the data region
allocated to the UE capable of recognizing M antennas, and
then reference signals are transmitted to this data region,
resource allocation between UEs can be more effectively
carried out.

[0107] FIG. 14 is a structure of a radio frame that distin-
guishes one region for supporting N antennas from another
region for supporting M (M>N) antennas on a frequency
axis according to an exemplary embodiment of the present
invention. Although one subframe has been exemplarily
used in FIG. 13, as shown in FIG. 14, one radio frame may
be divided into a data region allocated to one UE recogniz-
ing only N antennas and another data region allocated to
another UE recognizing a maximum of M antennas in the
direction of a frequency axis, and then the above-mentioned
methods may be applied to such data region as necessary.

[0108] By the above-mentioned methods, a UE having
received reference signals from a base station (BS) can
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generate channel information using the received reference
signals, and can feed back the generated channel information
to the base station (BS).

[0109] FIG. 15 is a block diagram of a device, which is
applicable to a user equipment (UE) or a base station (BS)
and is able to implement embodiments of the present inven-
tion. Referring to FIG. 15, a device 150 includes a process-
ing unit 151, a memory unit 152, a Radio Frequency (RF)
unit 153, a display unit 154, and a user interface unit 155.
The processing unit 151 handles physical interface protocol
layers. The processing unit 151 provides a control plane and
a user plane. The processing unit 151 may perform functions
of each layer. The memory unit 152, which is electrically
connected to the processing unit 151, stores an operating
system, application programs, and general files. If the device
150 is a UE, the display unit 154 may display various pieces
of information and be configured with a Liquid Crystal
Display (LCD), an Organic Light Emitting Diode (OLED),
etc. which are known in the art. The user interface unit 155
may be configured to be combined with a known user
interface such as a keypad, a touch screen, or the like. The
RF unit 153, which is electrically connected to the process-
ing unit 151, transmits and receives radio signals.

[0110] The exemplary embodiments described herein-
above are combinations of elements and features of the
present invention. The elements or features may be consid-
ered selective unless otherwise mentioned. Each element or
feature may be practiced without being combined with other
elements or features. Further, the embodiments of the pres-
ent invention may be constructed by combining parts of the
elements and/or features. Operation orders described in the
embodiments of the present invention may be rearranged.
Some constructions or characteristics of any one embodi-
ment may be included in another embodiment and may be
replaced with corresponding constructions or characteristics
of another embodiment. It is apparent that the present
invention may be embodied by a combination of claims
which do not have an explicit cited relation in the appended
claims or may include new claims by amendment after
application.

[0111] The embodiments of the present invention may be
achieved by various means, for example, hardware, firm-
ware, software, or a combination thereof. In a hardware
configuration, the embodiments of the present invention
may be implemented by one or more application specific
integrated circuits (ASICs), digital signal processors
(DSPs), digital signal processing devices (DSPDs), pro-
grammable logic devices (PLDs), field programmable gate
arrays (FPGAs), processors, controllers, microcontrollers,
microprocessors, etc.

[0112] In a firmware or software configuration, the
embodiments of the present invention may be achieved by a
module, a procedure, a function, etc. performing the above-
described functions or operations. Software code may be
stored in a memory unit and driven by a processor. The
memory unit is located at the interior or exterior of the
processor and may transmit data to and receive data from the
processor via various known means.

[0113] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Therefore, the above-mentioned detailed
description must be considered for only illustrative purposes
instead of restrictive purposes. The scope of the present
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invention must be decided by a rational analysis of claims,
and all modifications within equivalent ranges of the present
invention are contained in the scope of the present invention.
It is apparent that the present invention may be embodied by
a combination of claims which do not have an explicit cited
relation in the appended claims or may include new claims
by amendment after application.

MODE FOR INVENTION

[0114] Various embodiments have been described in the
best mode for carrying out the invention.

INDUSTRIAL APPLICABILITY

[0115] As apparent from the above description, embodi-
ments of the present invention are applicable to a user
equipment (UE), a base station (BS), or other devices of a
wireless mobile communication system.

[0116] It will be apparent to those skilled in the art that
various modifications and variations can be made in the
present invention without departing from the spirit or scope
of the invention. Thus, it is intended that the present inven-
tion cover the modifications and variations of this invention
provided they come within the scope of the appended claims
and their equivalents.

1-14. (canceled)
15. A method for transmitting, by a base station, reference
signals (RSs), the method comprising:

transmitting, by the base station, configuration informa-
tion of second type RSs;

transmitting, by the base station, first type RSs in each of
a plurality of subframes; and

transmitting, by the base station, the second type RSs in
a subset of the plurality of subframes based on the
configuration information,

wherein the configuration information includes informa-
tion indicating the subset of the plurality of subframes,
and

wherein the second type RSs are transmitted using code
division multiplexing (CDM).

16. The method according to claim 15,

wherein a number of subframes belonging to the subset of
the plurality of subframes is less than a number of the
plurality of subframes.

17. The method according to claim 15,

wherein the first type RSs are transmitted for N number of
first type antenna ports n of the base station, and the
second type RSs are transmitted for [ number of
second type antenna ports 1 of the base station, where
I>n.

18. The method according to claim 15,

wherein the first type RSs are present in OFDM symbols
0, 1 and 4 among OFDM symbols 0 to 6 of each slot
in the plurality of subframes, and

wherein the second type RSs are present in OFDM
symbols 5 and 6 among OFDM symbols O to 6 of each
even-numbered slot and OFDM symbols 2, 3, 5 and 6
of each odd-numbered slot in the subset of the plurality
of subframes.

19. A method for receiving, by a user equipment, refer-

ence signals (RSs), the method comprising:

receiving, by the user equipment, configuration informa-

tion of second type RSs;
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receiving, by the user equipment, first type RSs in each of
a plurality of subframes; and

receiving, by the user equipment, the second type RSs in
a subset of the plurality of subframes based on the
configuration information,

wherein the configuration information includes informa-
tion indicating the subset of the plurality of subframes,
and

wherein the second type RSs are received using code
division multiplexing (CDM).

20. The method according to claim 19,

wherein a number of subframes belonging to the subset of
the plurality of subframes is less than a number of the
plurality of subframes.

21. The method according to claim 19,

wherein the first type RSs are for N number of first type
antenna ports n of a base station, and the second type
RSs are for L. number of second type antenna ports 1 of
the base station, where 1>n.

22. The method according to claim 19,

wherein the first type RSs are present in OFDM symbols
0, 1 and 4 among OFDM symbols 0 to 6 of each slot
in the plurality of subframes, and

wherein the second type RSs are present in OFDM
symbols 5 and 6 among OFDM symbols 0 to 6 of each
even-numbered slot and OFDM symbols 2, 3, 5 and 6
of each odd-numbered slot in the subset of the plurality
of subframes.

23. A base station for transmitting reference signals (RSs),

the base station comprising:

a radio frequency (RF) unit, and

a processing unit configured to control the RF unit, the
processing unit configured to:

control the RF unit to transmit configuration information
of second type RSs;

control the RF unit to transmit first type RSs in each of a
plurality of subframes; and

control the RF unit to transmit the second type RSs in a
subset of the plurality of subframes based on the
configuration information,

wherein the configuration information includes informa-
tion indicating the subset of the plurality of subframes,
and

wherein the second type RSs are transmitted using code
division multiplexing (CDM).

24. The base station according to claim 23,

wherein a number of subframes belonging to the subset of
the plurality of subframes is less than a number of the
plurality of subframes.
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25. The base station according to claim 23,

wherein the first type RSs are transmitted for N number of
first type antenna ports n of the base station, and the
second type RSs are transmitted for [ number of
second type antenna ports 1 of the base station, where
I>n.

26. The base station according to claim 23,

wherein the first type RSs are present in OFDM symbols
0, 1 and 4 among OFDM symbols 0 to 6 of each slot
in the plurality of subframes, and

wherein the second type RSs are present in OFDM
symbols 5 and 6 among OFDM symbols O to 6 of each
even-numbered slot and OFDM symbols 2, 3, 5 and 6
of each odd-numbered slot in the subset of the plurality
of subframes.

27. A user equipment for receiving reference signals

(RSs), the user equipment comprising:

a radio frequency (RF) unit, and

a processing unit configured to control the RF unit, the
processing unit configured to:

control the RF unit to receive configuration information of
second type RSs;

control the RF unit to receive first type RSs in each of a
plurality of subframes; and

control the RF unit to receive the second type RSs in a
subset of the plurality of subframes based on the
configuration information,

wherein the configuration information includes informa-
tion indicating the subset of the plurality of subframes,
and

wherein the second type RSs are transmitted using code
division multiplexing (CDM).

28. The user equipment according to claim 27,

wherein a number of subframes belonging to the subset of
the plurality of subframes is less than a number of the
plurality of subframes.

29. The user equipment according to claim 27,

wherein the first type RSs are transmitted for N number of
first type antenna ports n of a base station, and the
second type RSs are transmitted for [ number of
second type antenna ports 1 of the base station, where
I>n.

30. The user equipment according to claim 27,

wherein the first type RSs are present in OFDM symbols
0, 1 and 4 among OFDM symbols 0 to 6 of each slot
in the plurality of subframes, and

wherein the second type RSs are present in OFDM
symbols 5 and 6 among OFDM symbols O to 6 of each
even-numbered slot and OFDM symbols 2, 3, 5 and 6
of each odd-numbered slot in the subset of the plurality
of subframes.



